There are many factors that influence the skin friction capacity of steel H-and closed ended pipe (CEP) piles driven into sands. As part of a bridge replacement program near Texas gulf coast, we evaluated the performance of various design methodologies for predicting driven pile shaft resistance in sands. We predicted the shaft resistance of steel H-and CEP piles at one bridge location using the SPT Method (Meyerhof, 1979), FHWA DRIVEN computer program, and WEAP-SPT Method. The actual pile shaft resistances were then determined during end-of-drive (EOD) and at beginning of restrike (BOR) using dynamic testing and CAPWAP procedures.
INTRODUCTION
As part of a bridge replacement project, a dynamic pile (i.e., PDA and CAPWAP) load test program was conducted to evaluate the driven H-pile and closed-ended pipe (CEP) pile capacity predictions. The static capacity prediction methods used for this project include the SPT method (Meyerhof, 1976) , Federal Highway Administration (FHWA) DRIVEN program and GRL-WEAP simplified SPT Analysis. The pile load test program for this bridge replacement consisted of dynamically monitoring three test piles, two 14x89 H-piles and one 20-inch diameter CEP pile, during initial driving and at the beginning of restrike. This paper describes the prediction of shaft resistance and installation of the driven piles as well as presents the dynamic load test results as compared with predicted shaft resistances.
PROJECT SITE
The project site is located within the Texas Gulf coast about 3.4 miles southwest of Beasley, Texas, see Figure 1 . The bridge location is along an existing, but abandoned railroad corridor that parallels Highway 56. At the time of our study, the existing railroad bridge was being removed and a new bridge was being constructed.
Figure 1. Project Location GEOLOGY/SOIL PROFILE
The project site is located where the subsurface materials are comprised of the Beaumont Formation, which is the youngest coast-wise or coast-paralleling Pleistocene unit in the Texas Gulf Coast. The Beaumont is comprised of fluvial and deltaic sands with intervening layers of clays, silty clays, sandy clays, and clayey silts. These fine grained, overbank deposits area generally 10 to 30 feet thick and were mostly likely placed by receding floodwaters. The Beaumont formation extends to depths greater than 200 feet in this area.
In general, the Beaumont Formation in this area was comprised silty sands, clayey sands and sands with intervening clay seams deposited by slack water. In general the clay seams were comprised of high plastic clay and were between 5 to 10 feet thick. The poorly to well graded, silty and clayey sands had fines contents (-#200 sieve) of 14 to 41 percent. The poorly graded sands had fines contents (-#200 sieve) of about 7 percent. The N 60 value and fines content test results for the boring performed at the site are presented in Figure 3 . Groundwater was encountered during our subsurface exploration at depths of about 37 below existing grades during and at completion of our exploration.
PILE CAPACITY PREDICTION/MEASUREMENT METHODS
The ultimate static axial shaft resistance of each test pile was initially estimated using the SPT method (Meyerhof, 1976), DRIVEN program (FHWA) , and the Simplified SPT N-value methods included in the GRL-WEAP program and the subsurface profile outlined previously. The following presents the background of the methods that were used to predict the pile shaft resistances. The SPT method developed by Meyerhof was based on existing correlations between the SPT results and static pile load test in a variety of cohesionless materials. This method takes into account the difference in stress conditions caused by displacement (pipe or concrete) piles and nondisplacement (H-) piles by varying the constant. For this paper, the "N" value used in this paper was corrected to 60 percent hammer efficiency and also corrected for overburden. Since this method can be influence by numerous factors, Hannigan, (1997) recommends that this method only be used for preliminary design. It should be noted that this method limits the shaft resistance to a maximum of 2 ksf. The SPT Method is outlined below: Norlund (1963 Norlund ( , 1979 , Thurman (1964) , Meyerhof (1976) , and Tomlinson (1979 Tomlinson ( ,1980 . The user inputs the soil profile, groundwater levels, strength properties, and pile type. The shaft resistance, f s , for cohesionless materials is estimated using Norlund's methods. It should be noted that Norlund's method does not put a limiting value on the effective stress, which is used in the computation of the shaft resistance. The Norlund method is outlined in detail in the FHWA "Design and Construction of Driven Pile Foundations" manual (Hannigan, et.al., 1997) .
WEAP SPT N-value Based Method: For this paper, we used the simplified SPT N value method included in GRL-WEAP 2005 as one of our predictive methods. The details on the basis for the calculations for this method are outlined in the GRL-WEAP 2005 user manual. It should be noted that the SPT N value method used in the WEAP program does not correct the N values for overburden as in Meyerhof's SPT method but does adjust them to a N 60 value. The manual does indicate that the SPT method used for determination of pile capacity is generally inaccurate due to variability in SPT values and soil behavior.
PILE INSTALLATION
A Pileco 30-32 single-acting diesel hammer was used to drive the all the piles. This hammer has a ram weight of 6.61 kips and a manufacturer's rated energy of 70.066 foot-kips at a 10.6-foot stroke at the maximum fuel setting (No 4). Fuel setting No.4 was used for all installation and restrikes.
The 14x89 steel H-piles were installed to a maximum depth of 163 feet and had minimum yield strength of 50 ksi (ASTM A-572 Grade 50). The steel CEP pile was installed to a maximum depth of 76 feet and had minimum yield strength of 45 ksi (ASTM A-252, Grade 3). The piles were driven in 60-foot section and spliced with full penetration groove welds. The CEP piles were closed on the end by welding a 1-inch thick pipe to the bottom section.
DYNAMIC PILE LOAD TEST PROGRAM
The purpose of the dynamic load test program was to monitor the performance of the driving system and evaluate the pile capacity. The dynamic testing was performed using a PAK Model, Pile Driving Analyzer ® (PDA) to acquire the data from the strain transducers and accelerometers. The evaluation of the soil resistance distribution was performed using the CAPWAP ® program.
CAPWAP analyses were performed on selected data obtained at the end of drive for the initial pile segment (ID), the end of drive (EOD) and the beginning of restrike (BOR). Table 1 summarizes the test piles that were driven as part of this project and the depths at which the CAPWAP analyses were performed. Based on the CAPWAP data, it appears that the shaft resistance for the H-piles accounts for about 61 to 77 percent of the total capacity and for the CEP's about 27 to 66 percent of the total capacity. The shaft resistance for each soil layers was estimated from the CAPWAP unit resistance (area) results. The reported soil segment unit resistances were averaged over the soil layer. The distribution of the shaft resistance with respect to the individual soil layers is shown in Table 2 for the H-piles and Table 3 for the CEP's. The tables also show the shaft resistance predicted by the SPT method (Meyerhof, 1976) , DRIVEN program (FHWA), and the Simplified SPT N-value methods included in the GRL-WEAP program. 
FINDINGS
The ultimate shaft resistance measured during the dynamic load testing when compared to the predictive methods varied significantly with the method, depth and soil type as shown in Figures 4 and 5. Table 4 summarizes the range of predicted/measured ratios for the skin friction resistance on the test piles. The measured resistance was taken at the beginning of restrike (BOR), which included a 7-day delay on the H-pile and a 1-day delay on the CEP. (Meyerhof) 0.2 -2.9 0.5 -3.5 DRIVEN 3.5 -20 2.6 -9.8 WEAP-SPT 1.9 -8.0 0.5 -3.3
It should be noted that for this site the SPT and WEAP-SPT methods generally over predict shaft resistance at depths less than 50 feet and under predict capacity for depths of less than 50 feet.
In addition, based on the CAPWAP results, the shaft resistance of the piles generally increases with time. The ultimate skin resistance measured on the 1 and 7-day restrikes on the H-pile and CEP pile, respectively was 1.4 to 2.3 greater and 1.1 to 1.7 greater than the measured end of drive shaft resistance.
CONCLUSIONS
Based on the subsurface information as well as field and laboratory test results, the ultimate shaft resistance predicted using the FHWA DRIVEN program appear to be considerably larger than (2 to 10 times) the ultimate shaft resistance measured by dynamic load testing. The SPT methods appear to provide a more reasonable estimate of the ultimate shaft resistance for these materials; however, these methods appear to overestimate the near surface (<50 ft) capacities and underestimate the deeper (>50 ft) capacities. This study indicates that the shaft resistance in sands can be very difficult to estimate using the available methods and guidelines. Thus, the use of dynamic pile testing can provide the designer better information that can be used to refine shaft resistance estimates and, in turn reduce project costs. 
